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RADIATION TREATED ETHYLENE POLYMERS AND ARTICLES MADE EROM 
HAVl A 1 SAID POLYMERS 

! 1.0 RE1 »™n APPI ICATIONS 

2 This application is a continuation-in-part of U.S. Patent Applioatton 

3 (Docket No. 33702/US), entitled "Method of Increasing The Hydrostatic Stress Strong* Of 

4 A Polymer." filed October .7. 2003, which is tire national stage of PCT Application No. 

5 PCT/ZA03/00053, of the same title, filed April ,7, 2003, which designates tire United State* 
« and claims pnority to Sonth Afiican Application No. ZA 2002/3.2!, filed Apn. 19, 2002. 
7 The entire content of the aforementioned documents is incorporated by reference. 

g 2.0 " arKr.ROUND O " ™ INVENTION 

9 2.1 Field Of The Invention 

10 The invention re.a,es to irradiated ethylene polymers and articles made usmg said 
, , polymers. More specific* the invention relates to ethy.ene polymers that are modified by 
12 ionizing radiation, in air, a, a temperature less than tine crystalline melt temperature of the 
, 3 polymer, prior to article formation, as well as articles made from said polymers. 

14 2.2 Related Art 

15 Polyethylene is one of the most wide!y used commercial synthettc thermop.ast, 

16 polymers. Polyethylene is inexpensive, easy to process and convert too artides, tough and 

17 flexib.e. in addition, polyethy.ene is a good e.ectrica, insu.ator over many frequence, 

18 Polyethylene also exhibits better chemica. resistance, inchrding moisture stabihty, than other 

19 commercial plastics including ny,on. Furttretnrore, thin films of certain gra es o 

20 po.yethy.ene are transparent. Polyethylene aiso exhibits exceUen. physto.ogtca, 

21 compatability characteristics. 

22 The conrmercia. importarree of po.yedry.ene is enhanced by tire wtde vanety of 

23 ^ades that exis, each having different physical properties and, therefore, different end-use 

24 applications. Po.ye.hy.ene can be coated onto, or formed into, a wide vanety o products 

25 using convention, conversion technologies such as extrusion, injection moldnrg, east 

26 molding, film and bottle blowing and powder coating. 

27 Despite its poprdarity, polyethylene has several shortcomings. For example, 

28 po.yetiry.ene has retatively tow mechanical properties («*, tensile sttength, impact strength, 
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, flexura, modulus, hydrostatic stress strength, etc.,, poor environmenta, stress crack resis,ance 
2 (ESCR), low service temperature, and relatively poor adhesion to polar surfaces. 

Lstinking polyene is we,, karown. For example, it is known * cross nk 

4 polyethylene with chemicals, e.g., peroxides, silane and/or multi-functiona, (meth) acry,a K s. 

5 Alternatively, it is known to cross.ink polyethylene with ionizing radiation, e.g„ ustng 

6 electron beam or gamma radiation. 

7 Irradiating artifacts formed from po.yetirylene to improve mechanical properttes and 

8 thermal stability is known Such artifacts include polyemy.ene coatee, cah.es and wtres, 

9 underfloor hot water piping, hea. shrmkah.e polyethylene tihus, and po.yetity ene foams 
,0 gaskets and o-rings. Generally, a htgh degree of cross.mk.ng (eg., 60-70% ge. content, ts 
11 imparted by such processes. 

However, there has been tittle research and development on, and much less 

13 commercialization of, po.yemy.ene resins crosshnked by ionizing radiation prior to arttfac, 

14 formation. One reason for .his ,ack of research is the understanding that htgh levels of 
ctosslinking dzas,ica„y decreases me« flow, making the po.ymer difftcuU .0 process and 
convert into artifacts. To .he extent mat irradiated ethylene po.ymers are dtscussed m me 

,7 prior art, me ..radiation of the polymer Is generally done under non-ambient atmosphere 
„ and/or above the crystalline melt temperature and steps are generahy taken to tnsure an 
19 extremely low gel content (e.g., below 0.5% by weigh.,. 

M For example, U.S. Paten, No. 4,586,995 ("toe "995 patent", dtscloses a novel 

polymer and polymer treatment method . . . [which, involves irradiation of a polymer gate 
n^mg^ditifilll a. a fflo^gmro^ *f 

23 iii^ 7 S* «» '995 paten., absttac, (emphasis added, The 995 pa en, 

24 therefore, leaches away from processes tha, irradiate po.ymers under geUtng condttton 

25 and/or at temperatures below the cry,alhne me., temperature and/or under unmodtfied 

26 atmosphere. M 
As further example, U.S. Paten. No. 6,114,486 ('the 486 pa.en. ) rela.es ,o a 

28 rheology-modifted ethylene poller having l ^n 0 5 weigh, percent ge l . wtaeh - 

9 characLed as having improved rheologtca, performance andlor me., serengti, — 

30 relative ,o dte unmodified polymer." See me "486 paten, absttac, (emptors added). The 

3, theology . . is modified ... by heating the ethytene polymer in the presence of a 
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mmmt less than the amount which would cause more than 0.5 

1 crosslinking agent in an amount . . . less than 

2 wt o/„ gel formation . . . Crosslinking agents include perox.de compounds, and other known 
lilted cunng agents, such as azo compounds, and electron heam, gamma-ray £ 
1 known radiation cure systems, * at col. 13 lines 10-20. ^ — " ^ 

, 4 m mndifv the polymer is preferably at least 0.5 Mrad [5 kGy] . 

« is . • i- . avoid — , hearing of .he polynter, » - -* 

IT I po,yn,er ,o teac, wtth oxygen . . . — — » -» " ^ 

8 cause th P ym ^ ^ ^ ^ „ 

9 contact with oxygen, ltt at coi. it _™ih*hi« 
, 0 recognize any benefit of crosslink polymers witt, radiation versus chemica, cros« 

ZL *e benefits achieved nsing the irradtation conditions set forth herein, «. -» 

,3 any significant reaction with oxygen. g 
14 In addition, Enropean Patent Application No. 0047625 ( EPA , 

process whereby "[a, bJaM « having a density in the range of 05*. ; S 
16 gW * 1-3%, by weight, of s^b^ and which has ^ 

Lphsm while in dte form of gtanuics, is fed to an exttuder, exhtided ,n the fonn of tp 
^d~, ^EPA,7625 absttac,(e,nphasisadded). "hi a preferred enthodttn« £ 

90 0 75 Mrad TO 5-7.5 kGy] of irradiation and particularly 0.3-0.7 [3-7 kGyj 

outsi de the scope of this invention in the unlikely even. ttta. it ahon.d occnr. ft a, 5 line 
23 T EPA '4 625, therefore, teaches away fiotn the irradiation of po,ye*,y,«te und 
lien, atmosphere, teaches away fiotn the irradiation of po.yethylene ,n * 
carbon blade, teaches away fiont the generation of po,yefitylcnc - a gel c« - 
,han 0 1% by weigh, and, final.y, fails .0 recognize the benefit acbaeved us,ng ,he — 
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26 

97 conditions set forth herein. , . , 

Similarly, U.S. Patent No. 3,130,139 (the '139 patent") describes a method whereby 

■ f ™rhon black in polyolefins is obtained by subjecting the polymer to 
29 "a uniform dispersion of carbon black poly ^ ^ ^ ^ ^ ^ ^ ^ j 

30 
31 



"a uniform dispersion of carbon black in poiyouau»»— , - - 

. ling radia on prior ,o «s adntix,nre witt, «he cariion blac," ft, He •!» palen, coh 

3-45. "As little as 0.0005 ntegarad [0.005 xGy, ... is effecrive tt, unprove <he 



3 



Docket No. 33692 

Attorney Client No. 453374-00034 (IBA Group) 

3 2 lines .0-15 The "139 paten, fails to recede toe benefits obta,ned fiom trading 
J^l onder toe cond.tions se, forih herein an, — . ufi^ a broad - 
J Z to fitter toe dispersion of a smg,e finer, carbon Ma* dra, is nedher reared not 

S h ea, treated Radiated po.ymeric ma.eria,s and .ends of snob tnatenais w * fl. 
o PR '896 o 1 lines 10-12. The metirod comprises "subjecting a polymer of at least one 
, L t a dlge of fiom 10= to .0" roentgens [rougnly . sGy to .,000,0.0 of 

10 ^~~»~~r*Tr~:zz 



^eresnurngprodne.e^aninereaseine.ongaon 

la^gpolymer, ^ at p. Uines .9-24 (emphasis added, — 
5 nest specimens were placed in aUmtinum cans which were swept on, wrth ntirogen and then 
Id- a. P. 3 lines HM1S. GB -896 teaches away fiom the rrradration o 
17 SS-i — a—re and teacbes away fiom benefits, sncb as mcreased 
„ .ensUesn.ngm.ob.ainednsmgmeirmdiarioncondifionsdescribedberem. 

Th e inventors listed on this apptication have recerveti pnor pa*»« «>atimg * 
20 po.ymer irradiation inclnding me Mowing: Sontb Afiican Paten, No. 89 6852 i S A 
2 89/L-) entitied "Crosshnking of Po.ymeric Materia*" Sou,b African Pa,en, No. 

^ 92 673,, entitied "Process For Coating A Subs«ra,e Witi, A Film Of Thermop,a,,c 
„;r M a, rial; and Sonti, African Pa,en, No. 98,9245 pUL 98/9245", entitied 
SHiofP .^Materia,,* .genemMhesepa.en.aredireCedmwacdmense 
0 :r & n tiona. cl«»g agents in conation with irradiation. Formermore, ti.es 
» P-aL fai, to recognize me revohmonary impact of carefid.y controtied nation on the 
27 properties of polyethylene feedstock, 
ofi in SUMM ^PY ™ THff INVENTION 

^ese^n^^ 
To .in, ha.ng a online and an amorphons phase, prior to fne f— .. n-* £ 
3, indnced nsing ionizing radiation at a temperature where both the crystal... 
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«t Preferably, the irradiation is carried out in air and thus in the 
1 amorphous phases are present. Preleramy, 

5 enhanced mechamcal propert.es meludmg ^ 

7 heat deflection temperature, decreased ehmgahon a, <«**^ ^ - — <* 

8 nnpac, strength and, —ore, possesses tmprov* c^ ■ 

, (snch as frUers, as we„ as improved adheston — ^ fc 

10 TTtese benefrts are achieved widront destroying *e « M P 

drop s wi~g do^ ^ ^ optionally ^ 

We it is known to nse radiation to ttnpart a I* d*» • ^ 
70% gd conrent, . -prove the materta, ^^^(.,0.0,^ 

23 invention achieves simfla, res* nsmg ^ fom 0 , t0 

24 ^^)^^^or^. M^ g tegel Ranges 

25 8% . — - — - <° - 
trk /;n% This is accomplished by applying 

from 0.75% to 6.O/0. ims f ™ vr,, the case of electron beam, 

po.ymer, ,,, from . to 60 k Gy, prefer* from 8 ,0 30 ^ ^ ^ 

Lse doses are snrface doses. In the case of gamma ray and X-ray, 
mi nimnm absorbed doses mn(teted in m modified atmosphere and thus in me 
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otabilitv ana adhesion properties .0 po.yea.yle.te. Thus, the modified 
terror con.pafab.fcy and » ^ ^ more easily ^ered ,0 

3 peaces tnc.udingtne.aUe.g ) rf .^.^ fcr use jn 

4 Electron beam, gamma ray and X-ray are alts 

, Y „ v i, ave better penetratron depth, electron uco. 

me invention. While gamma ray and X-ray have hett p 
generally has htgher dose rates which can lead .0 htgher throughpnt, Urns tendtng 



view of the disclosure provided herein. 

4 '° gmF H^*^ ~T j density polyethylene 

FIG 1 provides an energy deposition curve for a linear low 

branching on the meh flow index and spiral flow of po,y» 

FIG. 3 Plots the weight-average molecn.ar wetgh, (M„) of irradia. 
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] ^aspects of, be — wifl be apparent to mose of ordtnary sitifl in me a. in 

9 view of the disclosure provided herein. 

10 
11 
12 

13 

14 

15 

K nn.vpthvlene (HDPE) versus surface dose. 

' HG p.o.slemel.flowindexofrradiatedHDPEver.ss.facedose 

19 un-irradiatedHDPE. n f a Fourier Transform Infrared Spectroscopy (FTIR) 

20 FIG. 6 illustrates a portion of a Fourier trans 

2, spechaforartirradiatedandun-irradiatedHDPE. edoK . 
,2 FIG. 7 plots the melt flow index of an uradtated LLDPE ver« > s 
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, ethylene holers and ethylene copolymers. Prefembly, any co—e, present is an 
Jefin allcene sueh as ,-bu.ene, 1-hexene, .-octene and 4-me,hy,-,-pen,ene, however, the 

••Branching" refers to the formation of shorter Y-type or ryp 
wit hin a polymer stmcture that are attached to the ionger backbone. In ethylene powers 
branching is thoogh, to be the result of the molecular addition of one poiymer mo.ecnie to me 



2 
3 
4 
5 
6 

7 backbone of another polymer molecule. 

8 "Oxidation" refers to the radiation-induced formation of functional groups i such as 
9 



"Oxidation" reters to me rauiauuu-muu* 

carbolic gronps via a peroxide radical mechanism in the presence and w,.b the 

10 involvement of oxygen. 

••Short chain branching" refers to branches mat consist of iess man seven carbon 

12 atoms. The term, therefore, inclndes methyl, ethyl, propyl, bntyl, pentyl, and hexyl gronps 

13 that extend off the polymer backbone. 

-Long chain branching" refers to branches that consist of seven or more carbon 

15 atom, Tne term, merefore, excludes methy., ethyl, propyl, butyl, pentyl and hexyl groups 

16 that extend of the polymer backbone. 

••Low.den.uy polyemylene" (LDPE) is an ethylene polymer that contams both short 

U andlongchainbranching. T*^«™*^^^*** 

„ formation of cryslalUne regions. Accordingly, LDPE has a relatrvely low degree of 

20 crystaUmity which is reflected by a low density. Generally, LDPE has a density under 

21 lent conditions ranging ftom 0.S70 ,o 0,30 gW. Polyethylene, with Mow 

22 0.910 g/cm> are sometimes referred to as very or ultra low density polyemylene (VLDPE 
<yi ULDPE) 

24 -Linear low density polyethylene" (LLDPE) is an ethylene polymer mat centaurs 

25 short chain branching and very lime long chain branching. The term "linear" conveys M* 

26 absence of substantia, long chain branching. LLDPE is made by polymery efirylene 

21 higher .olefins. The use of a significant ouantity of higher olefins (eg., > 1%) promoms 

28 sh„« chain branching. .-Butene is a commonly employed olefin ^monomer „r*us 

29 purpose. However, other co-monomers, such as ,-hexene, 1-oc.ene, and 4.me,by,-.-p^ 

30 can be employed and provide enhanced physica. properfies a, me expense of tagta 
3 , production cost. The presence of short chain branching in LLDPE interferes warn the abmty 
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! of the polymer to crystallize. Accordingly, LLDPE also has a relatively low degree of 

1 oimepoiym Generally LLDPE has a density ranging 

2 crystallinity which is reflected by a low density. Generally, 

W «JL*» The.ao.of^nsp^^epo^nohaveah.^^ f 
laltinUy than LDPE and LLDPE which is reflected by a higher d-y. General., 

• • / ^io/^ The use of the second monomer reduces the density Dy 
verv low quantities (e.g., < 1%)- ltie use OA 1 , , . . 

Llucin short side Can, — , Such — * which sflfl e*. . 

"Crosslinking" refers to the formatton of H-type P / f 

wto e a. leas, two po.ymer chains are bonnd together by one or more hedges omred^ 
rea c te d Cement, g.np or compound, htcreaaed crossing »* - «- — * 
ceased amounts of gel. As nsed herein, no distinction is made between mtermolecu,* 

16 crosslinking and intramoleoular crosslinking. 

W refers to an insoluble tteee-dimensiona. polymer network formed by 
1, crosslinking tmd/or branching. Gels are insolnble, even in solvents that dissolve the nn- 
19 crosslinked polymer. 

, . r^tpnt " is a measure of the amount of gel in a 

on "Gel fraction," also known as gel content, is a row 

Z, of which is incorporated by reference. Gel Motion is expressed ,n terms of wetgn, 
23 percent g e, based on flteto^ weight of u.e polym. ^ ^ 

,4 dumber average molecular weight (M„) is one way 

weigb, of a polymer. The number average molecular weight is me common average of me 

IL, weii of me individual polymers and is emulated in me conventional manner, 
nreaslg me mo,ecu,ar weigh, of a number (N> of polymer molecules, summing 
the weights (M), and dividing by the total number of polymer molecules, M. - 
BN, M n is more strive to low mo.ecu.ar weigh, species thai, other measures of 
^ weight. Umess otberwise specifled, M„ is measured by gel permeatioo 
31 chromatography. 
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, "Weigh, average molecu,ar weigh," (M„) is another measure of me molecular weigh, 

2 „fapo,yme, Weigh, average molecu,ar weigh, is calculated in ,he convent mamer 

(M), and dividing by the total weight of the molecu.es, M. - 
L; sensitive ,o higher nto,ecu,ar weigh, species man M«. Utness otherwtse spec.fied, M. 

6 isme^uredhygelpermeaUonchromalog^h, 

7 "Molecular weight distnbution (MWD), also Known 

8 and "polydispersity " is me uniformity of me chain length as calculated by the followtng 

9 is a measure of mass per unit volume of materia,. Unless o-herwise 

j - A a qtm n-1 505 the entire content ot wnicn 
specified, density is measured in accordance with ASTM D 1505, 

"-err?** - — - - - (Mi) is - °: 

po.yemy.ene underset conditions. The melt flow rate (MFR) is the ratio of two 
1 -flow indices using different .oads in me dominations. U„.ess omerwtse sp « ed 
^ flow index is measured in aeeordartce wfth ASTM 0-. 2 3S a. ,*C - , b^oad 

4el, strength" is me tensile shess needed to breah a polymer melt dunng dmw 
„ down. A high me., strengdt is needed for pmcesses such as b.ow mo.dhrg where the me., 

20 required to hold die shape and no, sag after the mel, leaves the dte. 

2 , ..MeHtemperabore-istttetemperamreofamaterialbeingmehproeessed. 

2 "TensUe strength" is the maximum tensile stress that can be sustained by a materta, 

under se, conditions prior to a designated even, <„„ yield or break). Unless otherwt. 
I Rifled, te nsi.e strength is measured in accordance wim ISO 527, me enttre content of 
25 which is incorporated by reference. 

"Elongation" is the degree of stretching, expressed as a percentage, that occur, under 

2 7 * conditions a, a designed point (,,, yield or break). Unless otherwtse spec. * 

j + u Ten s?7 the entire content of which is 

28 elongation is measured in accordance with ISO 527, the 

29 incorporated by reference. 

W notched impact strengd," is a measure of the impact reststance o a 
31 thermoplastic as measured by a pendulum impact machine under se, condihons. Unless 
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! otherw.se specified, Izod notched impact strength is measured in accordance with ISO 179, 

theenttrecon^^ 

"Shore D hardness" is a measure of hardness assessed oy 
Typ e D indent Unless otherwise specif, shore D hardness is measured in aeeordanee 
with ISO 868, the entire eontent of whieh is incorporated by reference. 

7 m easure of the stiffness or rigidity of a materia, of given dimensions under 

Un ,ess otherwise specified, flexural strength is measured in accordance wtth ISO 527, 
entire content of which is incorporated by reference. 

"Spira, How - generally expressed in lengtir, is a measure of me amonnt of ma.^ 

4* flow is measured in according to ASTM D-3123, the entire content of whtch 

;i ^°ri t;:., , * - - . — - - — 

senous deterioration of properties such as loss of mechanical properttea (and h^ee 
deformation etc.). Heat deflection temperature can be one indicator of servtce temperatur • 
"e* deflection temperature" (HDT), also known as "heat distortion temperature, ts 

. v-K.tarf nolvmer with given dimensions bends a given degree under 

18 the temperature at which a bar ot polymer wung aotm d- 

■ f j htit U measured in accordance with AS1MD- 

19 a given load. Unless otherwise specified, HDT is measured 

20 648 the entire content of which is incorporated by reference. 

-Oxygen induction time" (OIT) is a measure of the ability of atmospheric oxygen to 
deg ra deapo.ymerunderse,cond i tions(,,,e 1 eva,e4,emperam reS ). OIT can be used as an 
2L meaTe of thermal — Unless otherwise specified, OIT ,s measured m 
accordance with ASTM-3895, the entire content of which is incorporated by reference 

0 r tear, in a materia., usually expressed as me ratio of the maximum load measured dmm 
L test to me specimen thickness. Unless otherwise specified, tear stiengm is measured m 
accordance with ASTM D-1922, tire entire content of which is incorporated by reference. 

-Hydrostatic stress strength" is the tensile stress a, which a matenal fails 
formed into a pipe *td subjected to hydrostatic internal pressme. Unless otherwise specfed, 
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o of which is incorporated by reference. 

4 

5 
6 
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10 



b ecause g L are — ed and/or leased d^ng irradiation induced «. «- - 

may or may no. remain identical .0 normal air for the geographic regron. 

7 " Hvlnfocuaea on .he following four aspects forming radiation modifi«, 
resi „s for practical app.ica.ion, (1) selection of the resin; (2) irradiation process (3) 
formulation of the resin with additives; and (4) converting methods. 

can he employed in the present invention. Each grade varies in density, melt 
liar weUntolecularwei^tdrsUrihution, etc. tit addition, po,yemy.ene ^ades are 
IT!* ty different polymerisation methods using different types and amounts f 
Zlsandco-monome, Most commercal grades conti.0 addrtives (e.g„ —s, 
,7 Dro cessingaids,e.c.)andtheidenti.yandquantityofU,eseadditivescanvary. 

' Z commercially availahle ethy.ene polymer can he used in the present motion 
Preferably however, the etitylene polymer employed has a den* of a, leas, 0.70 g/cm 

JL polymer employed contains no more titan 25% hy weight units derrved from on- 
l^cco— . Prefemhlyanyco-monomerumupr^a^polymensed^ 
1 although alternative unsaturated co-monomers, especially vinyl acetate, can a.so he 

25 S aUtene such as -butene, ,-he.ene, ,-octene and 4-memy.,-pe,ene. IdeaUy, any 
7« co-monomer utilized contains no more than eight carbon atoms. 

» pressure, or gas phase polymerization process. Such processes typically use cnrommm (Cr) 

r„ "^It d m selecting a polyerhy.ene for radiation motivation and 

• • PPW (e ff extrusion injection molding, film blowing, powder coating) 
3 1 later use in a given process (e.g. , extrusion, m JC 
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incM e - now md ex - — - - ^rrjn 

concentration of additives, to general, ethylene po.ym.rs that « preferred for a gtven 

stoce .ess radiation treatment is needed to optimize the performance of the resm. 

U toe po.yethy.ene ,o be irradiated is intended for use in an extruston process, HDPE 
.sapreferredselecuon. Preferably, to such instances, the HDPE has a density ranging from 

94 t „ 0.970 and more preferab.y from 0.960 to 0.970 g/cm>. Preferably, tn s 
instances, the HDPEhasame., flow index a, 190°C and 2,6 kg load that ranges from 0, 
2 0 g/10 min and more preferably from 0.1 to 0.2 g/10 mm. 

If me po.yethy.ene to be irradiated is intended for use to a mo.dmg process e.g., 
injection motdtog, b.ow morning, etc.), HDPE is again a preferred sCectton Prefer^ m 
„ s ch tosses, toe HDPE has a density rangtog from 0.945 ,o 0«m - « 
13 preferably from 0.950 to 0.965 g/cm>. Preferab.y, to snch ...stances, Are HDPE has a me,. 
U A- LI a, 190 X and 2,6 kg .oad ma, ranges from 0.5 to 20.0 g/,0 mtn and more 
is nreferably from 8.0 to 20.0 g/10 min. 

If toe po.yethy.ene to be irradiated is totended for nse to a fihn b.owntg prccess, 
LLDPE is a preferred se.ec,ion. Preferab.y, in snch instances, toe LLDPE has a densdy 
»« to 0 940 g/cm> and more preferab.y from 0.910 to 0.925 gW. 

18 "« ^ °' 87 ° '° ° 1 , ' has . melt fl „w index a, ,90 °C and 2,6 kg toad 

19 Preferably, in such instances, the LLDPE has a melt now 

ftat rang s from 0.4 ,o ,0.0 g/,0 min and more preferab.y from 0.7 ,o L2 J.0 mm ^ 
LLDPE may, optionaUy, be b.ended with LDPE. However, one of the benefi* of to 
niton is toa, Mends of LLDPE and LDPE are no tonger necessary to actoeve adnata 
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8 
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10 
11 
12 



K melt strength for the film blowing process. 

1 b,end of LLDPE and HDPE is a preferred setocbon. Preferab.y, to - * 

,„ 0 945 gW and a me,, flow index a. ,90 X artd 2,6 kg toad that ranges from .0 to ,0. 

, ^ 1 1 tn s 0 e/10 min Preferably, in such instances, the 

28 g/10 min and more preferably from 3.5 to 5.0 g/10 min. r 

• L A-ntn n Q4S to 0 970 g/cm and more preferably from O.yMJ 

29 HDPE has a density that ranges from 0.945 to U.y /u g/c 

31 ,0.0 g/10 min and more preferab.y from 4.0 ,o 6.0 g/10 min. Tbe rabo of LLDPE to HDPE 
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preferably ranges anywhere from 80:20 .0 40:60 and more preferably ranges from 65:35 ,0 

Although additives may be present in tire polyethylene, tire po.yetity.ene utilized 
sh0ttl d contain tittie ohemiea. eroding agent and, preferably, contains - — 
crossing agent. In genera., chemical chunking agents are on,, useful above «h 
erystaUine me,, temperature. As se, forth later in this appticatio, the „adta ton proce 
plrab.y eondueted be.ow tite erys,a,tine me,, temped. Accordingly, h«,e benefit ts 
obtained fiom tite presenee of ohemiea, chinking agents. Furthermore, tite absence 

materia, are ml.y reeye,ab,e and remain so over extended periods of time. The absenee of 
eross.mV.ing agents a,so makes tire po.yetity.ene purer and suitab.e for food grade, 

h, addition, tite po.yethylene should contain as ...tie antioxtdan, as posstble. 
Preferab.y, the concennation of any antioxidant present prior to irradiation is no more titan 
„ 06% by weight of tite po.ymer and, more preferab.y, is no ntore than 0.04% by wetgh, of 
„ me polymer. Radiation tends ,o deplete the ,eve, of any antioxidant present so htgh 
,6 concenttationsofantioxidantarenotpartieularlybenefie.al. 

The po.yethylene selecteti ntay be irradiated in «y commercially avat.ab.e form. 
„ PteferaMy, tire po.yetirylene is in petie, or powdercd form to faeihtate euntinuous irradtahon 
ing. 

Irradiation Processing 

Radiation indueea the formation of crosslinked networks in polyethylene. As a resnU, 
the molecular weig*. of the po.ymer increases with increasing dose. In addition tite 
;:: uteW eight^ntionwidens,e S pecia 11 yme^whe re — 

ta A m fraction increases with increasing dose and is 
branching occurs. Gels are created. Gel traction mere** 
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19 processing. 

20 5.4 Irradiation Processing 

21 
22 
23 
24 
25 



indicative of an increasing degree of crosslinking. 

Radiation induced crosslinking and branching enhances the mechanical properties f 
27 the polyethylene including tensile strength and heat deflection temperate and generaUy 
causes a decrease in elongation at break. In many cases, the notched impact strength 
Leases dramatically - but such increases are not evident in every case. The temperature 
30 resistance, or thermal stability, is also improved. Heat deflection temperature, for example, 
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properties remain largely unchanged. 

Radiation induced crossing and branching enhances the -* ^ 
decreases me melt flow index of Hv^ene. F or apphcauons snch as fin, blownrg, 

6 eSPCd " -Led oxidation improves - compatibility - o,h« 

8 ^ me '" e of — tng whhin the polyethylene resh. is — * — 
dose , rity absorbed by the irradiated polymer per nni, maas (a common nm - 
d^ Z» Thedis—ofihedosewifninihemaierialisaisoconnohed. 

X L InSoose, and therefore me imparted degree of crossing, branchtng and 
The required ^ ^ ultmate 

13 oxtdation, varies depending on the natnre of 

14 inte ndedapphcation(, g .,exm.sion ; mo 1 d 1 ng,f llm orb U> blowtng^ P 

Preferably the crosslinking degree is relanvely low. Whtle Imo 

15 Preteramy, rne ,„ m 70% uel content) to formed parts in 

„ ordertosigniricanriyimprovethematerialproperites,, e meth oof*, 

„u w^r deeree of crosslinking (e.g., 6/0 & C1 

18 simil ar results using a ranges 0 , to 8 % by weigh, 

19 parted prior to part formation. The ge e p ^ ^ ^ 

More preferably, the gel content ranges from 0.75 to oy 

rangesfrom0.75%to6.0%byweight. or 
The requisite degree of crosslinking is accomplished by applying lo 

™rr::r r=r:r- 

- « r. — .rri rr- . . — - : - - 

•ui Tvnirallv the dose uniformity ranges from 1.0 to 3.0, more 
resin) is as uniform as possible. Typically, toe cose 
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uniformiry ratio is 1.30. When usmg electron beam, x-ray or gamma 
^formity rario can be as near to 1.0 as desired, by selecting a than layer of product. Of 
course, this is at the expense of a lower throughput and loss of energy. 

HG. 1 shows the energy deposition curve for a linear low densuy polyethylene 
6 (LLDPE) wim a denaity of 0.92 gW irradiated using a 3 MeV elechon bean acce,«*or 

8 the hrtegrated Tiger series Version 3 (3). The energy deposition is directly proporUonaHo 
.eabsolddose. ,.G. > shows that with the 3 MeV beam energy er.ua, — absorb^ 
dos e and exit absorbed dose can be achieved and a dose unifonnity raho of 1.45 - £ 
obt aineda.mepeneha«ondep.hofl,cm(„o.mcludingair,.ThepeneriaUo ndepthwrhbe 



10 

11 

12 deeper if higher beam energy is used. 

Preflly, —n is conducted a, temperatures below the cry*alhne me, 
M temperature. More preferably, irradiation is conducted a, a temperature between .0 -4 

l ^peramreofmeresinmay increase during irradiarion. 

17 be provided to maintain a resin temperature at or below SOT. 

The irradiation of polyethylene a, a temperature be,ow the cry— n melt 

„ .emperature imparts umc,ue characteristics to me po.ye<hy,ene that camto. he achieved usmg 
chellly induced crosslirdring or irradiation induced crossUmdng a, or above * 
crys^ine meh temperamre. The uni q „e reauhs that axe achieved are due to . he 
mlpho.ogica, characteristics of po.yethylene. Be,ow me crys,,Une me., temperam. 
polyene has crystaUine regions and amorphous regions. For chenuou. cross.* g, »d 

,hepo,ye*y,ene is heated above the crystaUine me,, temperature, hr the me . phase on* 
JJL regions exist so any cmssUnxing is dis.ribu.ed homogenous.y mroughou. *e 

28 cry-ne regions remain intact but any crossing remains predomman y locked m * 
I Irphous regions of the polymer with h,«,e crossing in the cryataUtne phase. Thrs 
30 causes a non-homogeneous crosslink distribution wiflrin .he polymer. 
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Non-homogeneous crosslink of polyethylene, predominately taM k t. 
antotphous regions, oniy s.ighfly impacts me,, properties tha, are .arge.y de.erm.nen by 
" Le region, For examp.e, whi.e me me,, flow index of poiyefhyiene decrease^ 
Z* wtm Leasing dose (even with ,ow dose ,eve,s), me me,, .emperamre and sptra 
flow (which is more indieative of flow behavior in eonverting processes reman, bastcaU 
unchanged. Non-homogenous crossing of poiyemylene, predominate* iocahzed tn ttte 
amorphous regions, afso permits me po.yemy.ene to remain fuUy reeyCab.e whfle, 
simultaneously, achieving the benefits of partial eunng. 

no 2 provides a schematic iHustration of the impae, of radtahon tndueed 
crossltnking and branching be.ow the crystalline me., temperature, on po.yemylene. FIG. 
1 a ,a id decrease in me,, flow index with an increasing dose. « 2 also s ows a 
lively stable spiral flow as the absorbed radiation dose increases. This is one of many 
„ features that are uniaue ,o me radiation modified polyethylene resins deaertbed beretn. 
,4 Namely, they maintain proeessabiltty despite a decrease in mel, flow tndex. 

Table 1 provides a more specific illustration of me impact of radtatton tndueed 

« ThemeUfl ° W 

17 index was measured according to ASTM D-1238. 

Table 1 

18 



Change In Mel, Flow Index And Spiral Flow Of A Modified HOPE 
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19 t^e^ab^h^^ 

20 radiationdose.bu.mespiralflowexhibi.s.ittleeorrespondingehange. 

Preferably, irradiation is carried ou, in me presence of oxygen. More pre M b y, 

22 notation is carried ou. in an unmodified, and preferably tmcontamed, — ere .de* 

23 me oxygen eon.en. in me chamber is a. leas. 10%. Due .0 the release o gases unng 
crosshLg, ,e amtosphere in .he chamber may or may no, rematn idenhca, . - *. - 

25 norma, for the geographic region. By performing the irradiation m the presence of oxygen, 

26 significant savings in equipment and processing costs are realtzed. 
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, Equally as important, performing the irradiation in the presenee of oxygen imparts 

2 beneftoia, properties to the irradiated polyethylene resin. Oxygen in the air interacts ,n the 
ftee radieal mechanism of erosslmking. As a result, peroxide radicals are produced that 
transform into functional groups, such as earboxylie (-COOH) groups, after subsequent 
reaction, This radiafton-indueeft oxidation favorab.y impacts me polymer's compatabthty 
o and adhesion with polar materials. For example, the introduction of functional groups such 
7 as earboxylie groups increases the compatibility of polyethylene resin with polar addtttves, 
.naking it easier ho create homogeneous blonds containing sueh additives, hr addttton, the 
nrtroduction of ftmetioua, groups sueh as earboxylie acid increases the adhesion of the 
polyethylene resin to other materials with polar characteristics. For applications such as 
powder coatings, mis means that the otherwise non-adhesive hydrophobic resin has natural 



3 
4 
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16 
17 



8 
9 
10 

U adhesion to poLr metal substrates such as steel, as well as polar plastics 

13 Electron beam, gamma ray and X-ray are all suitable types of radiation for use m the 

14 invention. The useful properties obtained by irradiating polyethylene at a given dose do not 
vary in any significant degree with the type of ionizing radiation employed. While gamma 
ray and X-ray have better penetration depth, electron beam generally has higher dose rates 

17 winch can lead to higher throughput, thus tending to be more economical. Where ga^nma 

18 irradiators and X-ray are more suitable for treating the polymers in closed -tamers, 

19 electron accelerators are more suitable to treating pelletized or powdered polymers m a 

20 continuous manner. 

21 Non-ionizing radiation is no. suitable for use in me invention. For example, 

22 ultraviolet radiation lacks sufficient material penetration capability. 

23 Any known handling system may be employed in conjunction with the radtatton 

24 source. As known in the art, dose and dose uniformity can be determined, in part, by .he 
speed a. which .he samples pass through the irradiation chamber and by the orientation of the 
samples relative to the radiation source. Suitable materia, handing systems include tow hues 
tray conveyors, belt conveyors, cart conveyors and overhead chain conveyors, etc. Preferred 
material handing systems ate conveyors mat transport hays of materia, and/or ccnttnuous 



25 
26 
27 
28 

29 belt conveyors 
30 
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1 5 5 Formulation Of The Resin With Additives 

2 Some additives may be present in .he polyethylene resin, prior to irradiatton, that are 

3 consnmed by radieals prodneed during irradiation. Aecordingly, additional additives ean be 

4 ineorporated into tire po.yetirylene, after irradiation and prior to processing and converse 

5 to restore any benefreial properties derived from any depleted additives. AHemahve,y, 

6 additions! additives ean be added to tire polyethylene resin, following irradiation and pnor to 

7 processing and conversion, simply to incorporate additional beneficia, properties no. 

8 otherwise present. Illustrative additives .ha, may be added after irradiation include ptgments 
, (colors), inorganic and organic fillers, antioxidants, UV stabilizers, beat stabthzers, 

,0 processing aids, impact modifiers, antistatic agents, anti-slip agents, UV absotbers, etc. 

„ PteferaMy, antioxidants are tire only additives added after irradiation since it ts usually 

,2 possible, using irradiation, to tailor the mechanical properties of the polyethylene as destred 

13 by varying dose. 

14 * Antioxidants are often added to the irradiated polyethylene resin to compensate for 
,5 antioxidant consumed during the irradiation process. This helps to ensure that the long term 
,6 thermal and oxygen stability of tire polymer is no. impaired by the irradiation process For 
,7 mis purpose, any of tire various commercially available antioxidants can be used. Preferred 
,8 antioxidants include hganox B-225 and nganox B-90O from Ctba Specialty Chemtcal, 

0 Preferably, any additives mixed into the irradiated polyethylene resin are added m the 

2, either tire base resin or the irradiated resin can be used to make the mas.erba.eh. To make a 

22 mas.erba.ch, a reain is mixed wi.h a relatively high concentration of additive, extruded and 

23 peptized. The total concentration of additives in .he mas.erba.ch ean range anywhere ftotn 

24 0 1 to 20 weigh, percent, but preferably ranges from 2 ,„ 5 weigh, percent. The trradtated 

25 resina are mechanically blended with me mas.erba.ch ,o reach .he final desired concentration 

26 of additives. 

27 Preferably, tire .otal concemration of additives in tire irradiated polyethylene ream, 

28 after irradiation and additive addition, ranges from 0.01 .o 0.5 weigh, percent. More 

29 preferably, the total concentration of additives in .he final feedstock product ranges from 

30 0.01 to 0.4 weight percent Ideally, the total concemration of additives in .he final feedstock 

3 1 product ranges from 0.05 to 0.2 wt%. 
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i 5 6 Converting Methods 

po.ye.Mene resins widr or widtou, additional additives. However, it should be Rep, in mind 
L J- modification drastically decrea.es the me,, flow index of tite polyedty.^ 
Ilhs «ra„ve extrusion, injection molding, film blowing and powder coating processes, nstng 
6 preferred irradiated polyethylene resins, are se, forth below: 

For extrusion processes, tire preferred irradiated HDPE (wtth or wttitout addttiv*) 
OT be processed and converted using a convention. HDPE destgn screw. Care s „u he 
, ^ to ensure sufficient nrotor power for processing. A ^ ^ *-J- 
10 chosen to ensure a nrelt temperature in the 220 -C to 255 -C range. The 

„ high ,y reconunended. .f needed, tite surface finish of the extruded product can be 

For injection ntolding processes, the preferred irradiated HDPE (wfh or wtthou 
14 additives, can be processed and converted using a conventional inaction nroMen T»<? 
,5 processing conditions are as follows: a me,, temperature ma, ranges fiom 220 C 2 C 
an injection pressure (a, the screw tip) up » machine maximum; a follow-up pressur (a * 
screw tip) of 50 MPa maximum; an injection ra,e usually a, ,he maxrmum dependmg on tire 

l20% to 40»C^am„ldc,an,mgf„^^^2500K/cm.pro J ^ — 
I area. However, tire optimum motding conditions are dependen, on a number of factors 

22 For film blowing, tite preferred irradiated LLDPE (with or wi 

processed and converted ,o make a mono-layer filn, using conventional 1m b.owtn 
Ument. Typica, fih* Mowing conditions inCudet a .ensure pn, ,e whe^he 

25 elder is ,90 °C, me neCc is ,90 1 and tire die is ,90»C; a dte gap of 3.0 ,„ 3.2 mm, 

o 7 For powder coating, the preferred irradiated HDPE/LLUrti 

28 „i,h antioxidan, and, optionally, otiter additives. 

29 powder witir a median partiCe size ranging fiom 20 ,o 600 microns, preferab y fiom 70 to 
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~oeoc Prpferablv the coating thickness ranges 

1 either fluidized bed, spraying or sintering processes. Preferably, tne 

2 from 0.1 to 5.0 mm and more preferably from 0.4 to 2.0 mm. 
1 5 7 Illustrative Products 

nation of po.ye.hy.ene under to condifions de.a,,ed here. ena .es -he 

5 production of anumber of useful artifact, The following is an illustrative Its, of amfacts. 

6 5 7 1 Exfrudgd Pines . . 

^^T— fronted polyethylene. Pipes 
8 HDPE exhibit a two-fo,d or greater increase in hydroslahc sfress sfrengflt than pipes prepared 
, from convention. HDPE. The irradiation process enables ft. forntatton of^ea of 
,0 conventional wail thickness tha, can withstand higher internal pressures or, ahemafv ly 

rial pressure, The ,a»er pipes are less cosfly and easier to transport and handle than 
Io7entL pipe, This enhancentent of hydrostatic stress Strang* is even more 
,4 pronounced in the case of transporting fluids a. elevated temperature, 

IS 5 72 Mnlriari Products 

■ ^^s, such as injection mo,ded baggage handics, damps, and conveyor 

parts can be tnade front irradiated poiyethylene. Irradiated HDPE, for exampte, - - 
^iaHybenefiei.polyefrtyieneforduspurpose. Irradiated HDPE exhibits higher notched 

20 5.7.3 Extruded and/or Blown Films 

FUms of irradiated po.yethylene, especiafly irradiated LLDPE, can he prepare <ha 
possess exceUen. puncture resistance as well aa superior seaHng atrengut. Unmodified 

me., sfrlgth (,,, the tnel, flow index is ,00 high). The convention^ retnedy has been 0 
Z J?L, LDPE, which has a much higher nteU afrengflt. The Mend, *p-y 
• about 75% LLDPE and about 25% LDPE by weight, exhtbtta greater melt 

26 comprising about 75 /o LLDPE Radjation induced crosslinking 

27 strength but only at the expense of film properties. Kaa 

28 sufficient,, increases the nre« strengm of LLDPE so tha, Mending wtfl. LDPE »d 

3„ Speeificafly, un-irradia,ed LLDPE typicafly has a meU flow mdex ranging from 0.8 

, 0 g/.0 1. at ,90°C and 2.16 Kg load. By radiation crossfinxing, this me., flow mdex can 
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typically be reduced to 0.3 to 0.5 g/10 min. at 190°C and 2.16 kg load. II. low melt flow 
index of irradiated LLDPE permits extrusion and/or film blowing of a mono film or lanunate 
for applications ranging from agricutaal greenhouse sheeting, dam liners and general 
industrial films to those such as bags for transporting liquids. The irradiated LLDPE can be 
employed alone or in conjunction with LDPE (un-irradiated or irradiated). 

More specifically, Table 2 compares the properties of films made from an trradtated 
LLDPE/LDPE blend to films made from an un-irradiated LLDPE/LDPE blend. 

Table 2 



Properties Of Films Formed From Un-irradiated and Irradiated LLDPE/LDPE 

Starting Mat erials 



9 
10 
11 
12 
13 



16 
17 
18 
19 



Film Property 



Elongation at 
Break, TD (% 



Tear Resistance, 
MP (N/mm) 



Tear Resistance, 
TD (N/mm) 



Standard 

n/a" 



ISO 527 



Films Formed From 
Un-irradiated LLDPE/LDPE 
200 




Films Formed From 
Trradiated LLDPE/LDPE 

200 



968.27 



114.10 



103.20 



155.00 



155.00 



As evident from Table 2, films made from the irradiated materials exhibit more than twice 
the tensile strength and significantly enhanced tear resistance. 

5.7.4 Powder Coatings 

Irradiated polyethylene, especially, irradiated HOPE powder and blends thereof wtth 
„ LLDPE powder, exhibit excellent eompatability and adhesion to metal (e.g., steel) and other 
,4 polar materials including polar plasties. This enhanced eompatability and adhesion ts due to 
,5 the formation of po.ar groups on the polyethylene by irradiation. Adhesion strengths m 
excess of 6.5 N/mm are obtained as measured by South African Bureau of Standards (SABS) 
1217-1984 entitled The Production of Pained And Powder-Coated Steel Pipes, the entirety 
of which is incorporated by reference. The modified polyethylene is, therefore, an excellent 
interior and exterior protective coating for metal structures including pipe, structural steel 
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! and plastic surface, The increased compatability and adhe S1 on means that the modified 

2 polyethylene is also more easily used in multi-layer film and sheet extrustons - often 

3 eliminating the need for intermediate adhesive layers. The polyethylene powders can be 

4 applied by standard powder coating techniques. 

5 6.0 EXAMPLES 

6 61 Example 1: Modified Resin For Injection Molding (Electro. Beam ) 

BP Solvay A60-70-162, an HOPE with a density of 0.963 g/cm J and a melt flow 
index of 0.72 g/10 min (2.16 kg/190 °C), was used as the non-modified polymer. The 
polymerization of.be resin involves a Cr-based loop slurry catalyst. The resin centaurs 500 
10 ppm of phenolic antioxidant. 

„ 117 kg of A60-70-162 resin was irradiated with electron beam. The restn was 

,2 irradiateti under ambient atmosphere and temperature in 18 ataminum trays with a dimenston 
,3 of 16- x 14" x 12" (depth of each tray is .2"). 6.50 kg of resin were evenly spread m each 
,4 tray. Theelectron beam acce.era.or utilized has an energy of 12 MeV and abeam pewer of 

15 kW. . , vWTT 

16 The surface dose was targeted a. 8 kGy. Dose mapptng was earned ou. usnrg FWT 

17 (Far Wes. Techno.ogy Inc.) dosimeter films located on tire ,op. a, 1/3 of tire loading depth at 
,8 2/3 of the .oading depth *rd at the bottom, all .ocated at tire center of the hay. The surface 
,9 dose applied was determined to be 8.7 kGy. The dose uniformity ratio (ratio of maxununr 

20 dose to minimum dose) was determined to be 2.2. The average dose applied was calcu.ated 

21 to be 8.6 kGy. 

2 2 Identical samples of A60-70-162 resin were irradiated by election beam a. other dose 

23 levels, i,., surface dose of 16 kGy and 24 kGy. The weight-average molecular wetgh. (M.) 

24 ofallthesamplesweremeasuredbyGPC(GelPermeationChronratography). 

25 FIG. 3 plots the M« of A60-70-162 versus surface does. As evident tn FIG. 3, the 

26 M. increases with increasing surface radiation dose, indicating the occurrence of 

27 crosshnking and probably branching. Although the firs, dam point shows an inrtial decrease, 

28 this is probably related to measurement uncertainty. 

29 FIG. 4 plots the melt flow index (MFI) of A60-70-!62 at 190'C and under 10 kg load 

30 ve.ua dose level. As shown in FIG. 4, mere is a drastic decrease of melt flow index wrth 

3 1 increasing surface dose. 
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A masterbatch was prepared. Specifically, 117 kg of Dow's DMDA-8007 HDPE 
resin (with a density of 0.963 g/cm 3 and a melt flow index of 8.0 g/10 min at 2.16 kg/190 °C) 
was irradiated with electron beam using the same irradiation method set forth above. 81 kg 
of the irradiated resin was then mixed with 2.77 kg Irganox B225 antioxidant from Ciba 
Specialty Chemicals, extruded and pelletized to make the masterbatch. Care was taken to 
ensure sufficient motor power for processing. A temperature profile was chosen to ensure a 
melt temperature in the 220 °C to 255 °C range. 

50 kg of the irradiated A60-70-162 resin above was mixed with 1.5 kg of the 
masterbatch above using a 55 gallon drum and a drum roller to blend for 6 hours. 

The above resin blend, as well as un-irradiated A60-70-162 (as control), were 
injection molded on an 80-ton Shinwa machine (with single-stage, single screw) to make 
dog-bone and flexural sample bars (1/8" or 3.2 mm thick). The barrel temperature was 
204°C and the mold coolant temperature was 71°C. Packing and cooling time combined was 
30 seconds per shot. The L/D ratio of the screw was approximately 20 to 1 and the 
compression ratio was approximately 2.5 to 1. The back pressure was low during the filling. 
Parts were filled using mold flow, primary injection pressure and injection speed as 
parameters. Secondary injection pressure was maintained until the gate froze and the part 
cooled enough to hold its integrity. The molder was purged several times before each run 
and a few extra sample bars were made with each run. Sample bars were successfully 

20 molded using both materials. 

21 The sample bars were used to carry out tests for mechanical and thermal properties, 

22 etc. Table 3 shows the standards used and results obtained in the tests. 

23 Table 3 
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Test Results For Electron Beam ModifiedResin For Injection Molding 



Property 



Melt Flow 
Index (190°C, 
2.16 kg) 



Melt Flow 
Index (190°C, 
10 kg) 



Tensile Strength 
@ Yield [a] 



Unit 



g/lOmin 



g/lOmin 



Standard 



ASTMD-1238 



MPa 



ASTMD-1238 



ISO 527 



Un-irradiated 
A60-70-162 



0.75 



10.7 



29 



EB Irradiated 
A60-70-162 



<0.10 



1.1 



39 
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Elongation @ 
Yield 131 



% 



Tensile Strength 

Break [a] 
Elongation @ 
Break M 
Izod Notched 
Impact Strength 
Heat Deflection 
Temperature 
(HPT, 66 psi) 



MPa 



% 



kJ/n? 



min. 



ISO 527 



ISO 527 
ISO 527 
ISO 179 
ASTM D-648 



ASTMD-3895 



8 



13 
106 
50*" 
74~ 



13.1 



21 
20 
54* 
87" 



11.8 
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Oxygen 

Induction Time _ 

Ta „e 3 shows that after electron beam irradiation, .he mel. flow index drably decreed 
Some of the mechanical properties were improved. The hea, deflection temperature (HDT) 
was raised. The oxygen induction time (OH) did not have moeh of a drop, mating W 
thermal stability did not deteriorate, probably due to the additional additives added through 
the masterbatch. 

6 2 Example 1: Modified Resin For Injeetion Molding (Gamma Ray) 

Dow's DMDA-8007, an HOPE with a density of 0.963 gW and a melt flow tndex 
of 8 0 g/10 min (2.16 kg/190 °C), was used as the non-modified polymer. The 

concentration of antioxidant. 

100 kg of DoWs DMDA-8007 HDPE resin was irradiated with gamma ray. The 
r esin was irradiated under ambient atmosphere and temperature in 20 kg cardboard box., 
each having the dimensions of .6" x 12," x 10". The !6» x 12," aide was famng the 
irradiator so that the depth that gamma my penetrated was 10". There was no dead space 
beyond the space among the pellets. The source activity was 2.2 MC, 

The minimum irradiation dose was targeted a, 16 kGy. Dose mapping was earned 
on. using FWT dosimeter films. A total of 23 dosimeter films were placed on d.fferen, 
positions of the five 20 kg canons and in the midd,e of the resin. The minimum ose was 
determined to be 16.6 kGy and the dose uniformity ratio was 1.5. The avemge of all doses a. 
the 23 positions was calculated to be 21.4 kGy. 
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The number average molecular weight (M n ) and wetght average moleeular weight 
(M w ) for both gamma irradiated DMDA 8007 and the unirradiated control Wer ^^ SU j^ ^ 
GPC A GPC 2000V Waters instrument was used with a set of 3 columns (HT6E, HT6E, 
HT2). The analysis was done at a temperature of 135°C in trichlorobenzene (TCB) and the 
injection volume was 215.5 mL. The universal calibration was performed wtth 12 PS 
standards, using the direct measured intrinsic viscosity with on-line viscometer The 
secular wetght obtained for broad samples was venfied wtth PE NBS 1475 .tanda^s 
the first and last sample in each sample set. Table 4 shows the M n , M w and the M w /M n 
(polydispersity) values for both materials. 

Table 4 



Modular We ight And Distribution For Gamma Radiatio n Modified Resin 



Sample 
Un-Irradiated 
DMDA 8007 
Irradiated DMDA 

8007 



M n (Dalto ns 
15600 

14200 



Mw (Daltons) 
103600 

143200 



Mw/Mn 

6.6 
10.1 



gyU7 | , I ■ 

-^- crease of Mw/Mn after irradiation, which indicates a broadening 

,2 of molecular weigh, distribution as a .suit of long chain branching and crosslink^ of the 

M ^Large Amplitude Oscillatory Shear (LAOS) was measured for both gamma irradiated 

15 DMDA 8007 and the unirradiated control. FIG. 5 shows the shear stress vs. shear rate 

,« curves for both materials a, 190 "C. The broadening of the loop after irradiation mdtca.es 

,7 .hatlongchambranchinghasoccurredaftetmeradiationmodificatton. 
,8 Fourier Transform Infrared (FTIR) spectroscopy for both gamma trradtated DMDA 

,9 8007 (16 kGy) and the un-irtadiated control was taken. FIG. 6 shows the earbony. range of 

20 thespectra. As illustrated by FIG. 6, new bands appear in the carbonyl range of the spectra 

21 after gamtna irradiation. The two bands located around 1741 cm" and .716 cm are 

22 assigned to carbonyl stretching vibration in estet groups and in ketones respectwe.y The 

23 small band that appears around 1698 cm' is assigned to the acid end-group. The changes 

24 indicate una. oxidation was induced by the irradiation and new carboxylic fimctiona. groups 

25 were introduced onto the polyethylene. 



25 



Docket N .33692 



Attorney Client No. 453374-00034 (IBA Group) 

1 Next, 39 kg of the gamma irradiated HDPE was mixed with 1 .2 kg of the masterbatch 

2 from Example 1 above to form a blend. Blending was accomplished using a 55 gallon drum 

3 and a drum roller for 6 hours. 

4 The above resin blend and the un-irradiated DMDA-8007 resin were, separately, 

5 injection molded on an 80-ton Shinwa machine (with single-stage, single screw) to make 

6 dog-bone and flexural sample bars (1/8" or 3.2 mm thick). The barrel temperature was 

7 204°C and the mold coolant temperature was 71°C. Packing and cooling time combined was 

8 30 seconds per shot. The L/D ratio of the screw is approximately 20 to 1 and the 

9 compression ratio is approximately 2.5 to 1. The back pressure was low during the filing. 

10 Parts were filled using mold flow, primary injection pressure and injection speed as 

11 parameters. Secondary injection pressure was maintained until the gate froze and the parts 

12 cooled enough to hold their integrity. The molder was purged several times before each 

13 running and a few extra sample bars were made with each running. Sample bars were 

14 successfully molded using both materials. 

15 The sample bars were then used to carry out tests for mechanical and thermal 

16 properties, etc. Table 5 shows the standards used and results obtained in the tests. 
17 





Test Results For Gamma Modified Resin 


FoMnjecdonM^ 




Property 


Unit 


Standard 


un-irraaiaieu 
DMDA-8007 


cum hi 

Irradiated 
DMDA-8007 


Melt Flow 
Index (190°C, 
2.16 kg) 


g/lOmin 


ASTMD-1238 


8.6 


1.1 


Tensile 
Strength @ 
Yield [a] 


MPa 


ISO 527 


28 


30 


Elongation @ 
Yield [a] 


% 


ISO 527 


8 


8 


Tensile 
Strength @ 
Break [a] 


MPa 


ISO 527 


No Break 


15 


Elongation @ 
Break [a] 


% 


ISO 527 


>500 


88 


Izod Notched 
Impact Strength 


kl/n? 


ISO 179 


6A* 


55* 
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°c 



ASTMD-648 
ASTMD-3895 



73 



83 



Heat Deflection 
Temperature 

WW- "I*) | __ 1 ACTMn .,895 I U 5.9 

Oxygen 
Induction Time 

'♦Non-break fail!, numerical number may be erro neous and are qnotea tor reduce only 
Table 5 shows that after gamma irradiation, the melt flow index drastieally decreased. 
Meehanieal properties were improved or remained the same. The heat defleetton 
temperature (HDT) rose. The oxygen indnetion time (OIT) was inereased, indioattng that 
thermal stability was improved, probably dne to additional additives added by the 
masterbatch. 

6.3 Example 3: Modified Resin For Injection Molding (Gamma Ray) 

A HDPE (Dow's C7260) was irradiated to a minimum absorbed dose of 16 kGy using 
gamma irradiation, employing bags containing 25 kg of polymer pellets. In addition, a 
masterbatch with Irganox B225 additive was made using the irradiated HDPE and ftns 
masterbatch was high-speed mixed into the irradiated polymer a. a 3% masterbatch load. 

The HDPE composition obtained exhibits a higher notched impact reststance than 
conventional HDPE, as well as superior stiffness and wear properties. Due to its low melt 
flow index, the irradiated HDPE composition is more suited to injection moldmg ttncker 
rafter than thinner artifacts. For example, the irradiated HDPE composition is well sutted for 

16 injection molding luggage handles, clamps, and conveyor parts. 

17 Various properties exhibited by the irradiated HDPE composition are set forth m 

18 Table 6. 

Table 6 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 



Properties Exhibited By This M< 


odified HDPE 


Test Specimen 


Property 


Value 


Unit 


Test Metnoa 




Density at 23 "C 


>0.950 


g/cm j 


ISO 1183 


10 mmx 10 
mm x 4 mm 


Melt Flow 

Index 

Is 


16.0 
3.5 


g/lOmin 


ISO 1183 


granules 


I21 

Spiral Flow 
Length 


50-24 


cm 


1500 psi 
molding 
iniection press 


granules 
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1 

2 

3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 



Tensile at Yield 


25-30 




ISO 527 
Test rate 50 
mm/min 


to /~\ o 1 CH A 

ISO 3167, 4 
mm thick 

to f~\ 1 1 CH A 


Tensile 
Strength 


38 


N/W 


ISO 527 
Test rate 50 
mm/min 


ISO 3167, 4 
mm thick 

tpa I 1 A 


Flexural 

iVIUU.U-lU.0 


17 


N/mm 2 


ISO 527 
Test rate 50 
mm/min 


ISO 3167,4 
mm thick 


Hardness 


66 




ISO 868 


ISO 3167, 4 
mm thick 


Shore-D 

Notched Impact 
Strength at 
23°C (acN) 


4-50 


KJ/m 


ISO 179/leA 


80mmx 10 
mmx4mm 



molders using the following processing conditions: (i) melt temperature between 220X to 
250°C (ii) injection pressure (a. the screw Up) up to the machine maximum; (m) follow-up 
pressure (at the screw tip) of 50 MPa maximum; (iv) injeetion rate usually maximum, 
depending on me molding; (v) back pressure (at the screw tip) 5 MPa to 30 MPa; (vi) mold 
temperature ranging from 20°C to 50°C; and (vii) mold clamping force greater than 2500 
N/cm 1 projected molding area. 

64 Example* Modified Resin For Film Blowing (Electron Beam) 

Mono films made entirely from LLDPE offer good puncture and tear resistance 
properties with superior environmental stress crack resistance (ESCR), but are difficult to 
process since drey cannot be produced with a melt flow index less man about 0.8. Therefore, 
manufacturers use a mixture of 25% LDPE and 75% LLDPE in order to get satisfactory 
, , processability a. the expense of materia, properties. However, radiation modtfied LLDPE 
14 offers the same or bettor processability and significantly improved tear resistance and 
,5 puncture resistance over those of materials currently used. The resulting matenal ts well- 
,6 suited for thick film applications such as for greenhouses, dam liners, milk sachets and 
17 various industrial applications. 

! 8 Dow's Dowlex 2045G, a LLDPE with a density of 0.920 g/cm 3 and a melt flow index 

19 of 1 0 g/10 min (2.16 kg/190 °C) was used as the non-modified polymer. 

96 kg of Dowlex 2045G resin was irradiated with electron beam. The surface dose 
was targeted at 10 kGy. The resin was irradiated under ambient atmosphere and temperature 



20 
21 
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in 18 aluminum trays with the dimensions 16" x 14" x 12" (depth of each tray was 12") with 
5.34 kg resin evenly spread in each tray. The electron beam accelerator employed had an 
energy of 12 MeV and a beam power of 8 kW. 

Dose mapping was carried out for a surface dose of 8 kGy using FWT dosimeter 
films on the top, at 1/3 of the loading depth, at 2/3 of the loading depth and at the bottom, all 
at the center of the tray. The surface dose was determined to be 8.4 kGy and the max./mm. 
ratio was 1.2. The average dose was calculated to be 9.5 kGy. 

Melt flow index (at 190 °C under 2.16 kg load) versus dose curves were obtained by 
irradiation of 5.34 kg Dowlex 2045G resin under the surface dose of 4, 8 and 16 kGy. FIG. 
7 shows the decrease in melt flow index with each increase in surface dose. The optimal 
surface dose was determined to be 10 kGy from the melt flow index versus surface dose 

12 curve, targeting a melt flow index of around 0.3 g/10min. after the irradiation. 

13 The melt flow index at 190°C under 10 kg load (Condition N in ASTM D-1238) was 

14 also measured for the un-radiated control resin and the resin irradiated at 8 kGy. Table 7 lists 

15 the measured melt flow indices at 190°C under 2.16 kg and under 10 kg load, I 2 and I 10 , 

1 6 respectively, as well as the ratio of hdh- 

17 Table 7 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 



Melt Flow Indices For Electron Beam Irradiated and Un-lrr. 

(Measured bv ASTM D-1238, Condition IS) 


idiated LLDPE 


Material 


I, 


I,n 


110/12 


Dowlex 2045G 
Un-Irradiated 


1.01 


7.69 


7.61 


Dowlex 2045G 

EB Irradiated at 8 kGy 


0.41 


T57 


Til ~ 



18 
19 



„ chain branching. The benefits derived from increased long chain branching are partially 
20 discussed in U.S. Patent No. 6,114,486, the entire content of which is incorporated by 



21 
22 
23 
24 
25 



reference. 



To form a masterbatch, another 96 kg of DoWs Dowlex 2045G LLDPE ream was 
teadiated with an electron beam using the same irradiation method described above (at 10 
kGy snrface dose). 81 kg of the irradiated resin was mixed with 2.77 kg Irganox B900 
antioxidant from Ciba Specialty Chemicals, extruded and peUetized to make the masterbatch. 
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Cam was taken to ensure sufficient motor power for processmg. A temperature profile was 
chosentoensureamelttemperatureofaboutl90°C. 

,„ form a Mend. The Mend was generafed using a 55 gafion drum and a drum roUer for 

h0UIS ' The above b.end and the un-irradiated Dowiex 2045G resin (eon.ro.) were used to 
7 biowfUms. Al.-diame.ersingteserewextruderwasr.edforp.as.icafingtheres.n. Atthe 
g enao fm escrew,ahreaKerp 1 a,ew i d,a325-meshsereenwasins t a 11 ed. A static mrxer and a 

10 conditions utilized are presented in Table 8. 

Table 8 

11 



1 

2 

3 

4 

5 

6 

7 



Film Blowing Experimental Conditions 



Temperature 



Zone 1 
Zone 2 
Zone 3 



70 °F 
300 °F 
350 °F 



Screw Speed 



Die Pressure 



Line speed 



Film thickness 




7SftVminto 150ft/min 



0.001 in. (25 um) and 
0.005 in. (127 urn) 



12 
13 
14 



The machine and the die were initially adjusted for a line speed of 25 ft/mm. After 
collecting samples, the line speed was progressively increased at a speed « 
bubble broke when the line speed was increased to 175 ft/mi, 1 mil (25 & and 5 mtl (127 



15 um) films of both resins were successfully produced. 



16 
17 

18 



MIS OI DUtll - • ... . 

The properties of 25 pm films made from both resins were examined. Table hsts 
some of the results. 



Table 9 



Properties o 




Property 
Tensile at yield (MPa) MD* 



ASTM 



D882 



Irradiated Dowlex 
2045Gwith 
masterbatch 
23.8 



Dowlex 2045G 
unirradiated control 
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Tensile strength at break 
(MPa) MD 



Elongation at break (%) MP 



Tear strength (g/micron) MD 
Tensile at yield (MPa) TD * 
Tensile breaking strength 
[Pa) TD 



D882 
D1004 
D882 
D882 



640 
13.2 
18.8 
65.6 



600 
7.0 
8.2 
24.2 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



D 1004 
D1306 

rUUti mv uuvii&v" \a / 1 — — . 

« MD is machine direction, TD is transverse direction 

Table 9 clearly indicates that the tensile strengtti, tear strength and puncture strength were 
significantly increased after the radiation modification. 
6 5 Example 5: Modified Resins For Film Blowing (Gamma Ray) 

As stated in the preceding example, manufacturers previously mixed LLDPE w,th 
LDPE to impart satisfactory processability at the expense of material properties. However, 
irradiated LLDPE offers me same or better processability and exhibits much better rear 
resistance and puncture resistance than those of material currently used. 

An LLDPE (Sasol Polymers HF 12) was irradiated to a minimum absorbed dose of 8 
kGy using gamma irradiation, employing bags containing 25 kg of polymer pellets Jn 
addition, a masterbatch with the appropriate additives was made using the irradiated LLDPE, 
and tins masterbatch was high-speed mixed into the irradiated polymer a, a 3% masterbatch 

load. r1 ^ 

The low melt flow index of the irradiated LLDPE allows extrusion as a mono film or 

,amina.e for applications ranging from agricultural greenhouse sheeting, dam Inters and 

general industrial films to those such as bags for transporting liquids. The film has excefient 

puncture resistance as well as superior sealing strengths. Because of the superior melt 

strengurofthe modified polymer.it results in a very stable blown film during extrusion. 

The properties of the irradiated LLDPE film are set forth in Table 10. 

Table 10 



Properties of Radiation Mod ified LLDPE 



Property 
Density at 23°C (gW) _ 
Melt flow index 
,2.16kg/190°Q (g/lOmin) 
Tensile at yield (MPa ) MD 



ASTM Test 
D1505 
D1238 

D882 



Measurements 
0.922 
0.4 

12.5 
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D882 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 




Impact resistance (Fso g) 



11.7 



6 6 Example 6: Modified Resins For Sheet Extrusion (Gamma Ray) 

BP Solvay's K44-24-123, an HDPE with a density of 0.955 g/cm 3 and a melt flow 
index of 21.0 g/10 min (21.6 kg/190 X) was used as the non-modified polymer. 100 kg of 
K44-24-123 HDPE resin was irradiated with gamma ray. The resin was irradiated under 

a ^^ratme in 20 ke cardboard boxes with the dimensions 16" x 
ambient atmosphere and temperature in zu Kg c<uuuuoi 

12 5" x 10" The 16" x 12.5" side was facing the irradiator so that the depth that gamma ray 
penetrated was 10". There was no dead space beyond the space among the pellets. The 

source activity was 2.2 MCi. , 

The minimum irradiation dose was targeted a, 16 kGy. Dose mapping was earned 
ont using FWT dosimeter films. A total of 23 dosimeter films were plaeed on drfferent 
positions of the five 20 kg eartons and in the middle of the resin. The minimum dose was 
determined to he 16.4 kGy and the dose uniformity ratio was ..5. 11- average of aH fire 
doses at the 23 positions was ovulated to be 22.0 kGy. The melt flow indtees a, 190 C/10 
kg were 24.0 g/lOmin. before the irradiation and 16.0 g/lOmin. after the irradtation. 

39 kg of the above gamma irradiated HDPE was mixed with 1.2 kg of the 
m astema.chfiomExamp.elusinga55gal.ondrumandadrumr„llerfor6hours. 

A Welex single sorew extruder was used to extrude 40 mil (. mm) thiek sheet from 
.he above resin blend and the un-irradiated K44-24-123 resin (as contio.). The extruder had 
a , 24" barre. feeding a .0" width sheet die. The die temperature was 204°C. Sheets were 
successfully extruded using both materials, despite the decrease in melt flow tndex. 
6 7 Example T. Modified Resins For Pipe Extrusion (Gamma Ray) 

DoWs M9255F, an HDPE with a density of 0.953 g/cm> and a melt flow index of 8.5 
g/10 min (21 .6 kg/190 °Q was used as the non-modified polymer. The resin was trradtated 
under ambient atmosphere and temperahue with gamma ray (source activity being 0.96 Met) 
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i„ 25 kg bags The minimum absorbed dose was 16 kGy with a dose uniformity ra.ro of 
,.30. Although Are me., flow index decreased after irradiation, the spiral flow length 
exhibited little ehange (about 50 cm before and after irradiation). 

The hradia.ec resin was subsequently compounded to add Irganox B225 anhox.dan. 
ftrough a mas.erba.ch using a similar me«hod as describee in Example . (Are mas.erba.ch 
was made from irradiated M9255F resin). 

The modified and compounded po.ymer was used to extrude plumbing prpes wuh a 
,2 8 mm ou.e, diameter and a wall urichness of 1.9 ram. The pipes were tested accordmg to 
ISO 7628 Part 2 and South African standards SABS 1194: 1978, the entire con«en.s of winch 
are incorporated by reference. The test results are shown in Table 11. 

Table 11 



^Results Of Pipes Made From Radiation Modified M9255F 



Property 

Density at 23"C(g/crn J ) 



Standardized Test 
ISO 1183 



Result 
0.950 



Melt flow index at 21.6 kg, 
190°C (g/10 min) 



ISO 1183 



Spiral flow length (cm) 



3.5 



26 



Tensile at yield (MPa) 



ISO 527 



30 



Notched impact strength 
(kJ/m 2 ) 



ISO 179eA 



17 



'i pe diameter (mm) 



12.8 



Pipe wall thickness (mm) 



1.9 



Burst test at 23 °C (MPa) 



ISO 7628 (7.2) 



9.74 



Burst test at 100 °C (MPa) 
Hoo p stress at 23 °C(MPa) 
Hoop stress at 100 °C (MPa) 
Tensile breaking strength 
(MPa) 



ISO 7628 (7.2; 



SABS 1194: 1978 



Elongation at break (%[ 



SABS 1194: 1978 



506 



Cold impact resistance (-40°C) 



ISO 7628 (7.4) 



No signs of cracking 



Impact resistance (23 °C) 



Impact after ageing at 125 °C 



Moisture absorption at 100 °C 



SABS 1194: 1978 
ISO 7628 (7.5) 



No signs of cracking 



No signs of cracking 



ISO 7628 (7.6) 



<0.1% 



Low temperature flexural at - 

40°C(MPa) 

High temperature flexural at 

100 °C (MPa) 

Stress cracking 60 °C (MPa) 
Resistance to ethanol (200 h) 
Resistance to battery acid (70 
h) 



ISO 7628 (7.7) 

ISO 7628 (7.8) 

ISO 7628 (7.9) 
ISO 7628 (7.10) 
ISO 7628 (7.11) 



9.52 



10.03 



9.87 

No signs of cracking 
No signs of cracking 
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1 

2 

3 

4 
5 
6 
7 
8 
9 

10 



Burning rate (mro/min 
Artificial weathering 

J doubie that of the non-modified poller. This imphes tha. ft. modtficanon p rmt* 

obvious safety and commercial advantages. 

The hydropic stress strength (expressed as the hoop stress vah.es) of fte ^modtfied 

as we« as chemicaUy crossed pipes. The results are shown below m Table ,2 (all 
inMPa). 

Table 12 



T ne Long-Term Hydros tatic Stress S.-g'h (Hoop Stress) Of Radiation And 

Chemically Modified_HDPEs 



Temperature 
(°Q 



Non-Crosslinked 
HDPE 



Chemically 
CrosslinkedHDPE 




Pre- 
Crosslinked 
HDPE* 



11 * Corrected by a safety factor of 1 .6 lor warer pipes. not only 

TableUshowstl^tthehydrostaticstressstrengthofthe — 
CI that of the non—d polymer, but also surpasses that of chemtcall 

15 is even more pronouneed at 100 °C, with relative improvements m excess of 150/o The 

;n *l* - - - — is cieariy 

17 demonstrated; especially at elevated operating temperatures. 

rnns the modihed polyeftylene enab.es the formation of pipes of —a w. 
ftickness that can withstand much higher internal pressures or, alternatively, ptpes wft ha.f 
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2 pronounced in the case of transporting fluids at elevated temperatures. 

The spira, flow properties are essentia.* unchanged, whieh indicate* htfle impac on 
4 the abiliry to extrude the irradiated HDPE feedstock. Furttrennore, the materia, is recyCab,, 

L an aside, it shomd he noted that the e.evated me,, strength of the modifie 
« polyethylene a.so makes i, amenahle to Mow molding aprons where a shaped mass wdh 

7 alhhighermassandshengthcanhemrmufactured. According* dre materra. ts tdeaUy 

8 suited for blow molding very large containers. 

9 « 8 E*amp.e8: Modified Resins For Powder Coatings (Gamma Radratron 

, ' in genera,, polyethy.ene exhibits very poor bonding to stee, and odrer mends as we,. 
„ . „,her po,ar materia.* such as po,ar po.ymers. However, i, has been discovered that po,ar 

groups L carboxyhc acid groups) formed by irradiation impart po.yethylene 
13 le..en« compa.abi.ity and adhesion to s.eel and odrer po.ar ma.eria.s, m excess of 6, 

Candida, for interior and exterior coating of stee. pipes that carry water or ood 
^oflandgaspipea, — ^ed profl.es, and a numb, oomerc^tg 

appUcafim, V*^-^*^*^^^ 

18 The used in mu,«-,ayer flhn and sheet extrusions without in,ermed.,e «rhes,v» 

19 Furdrermore, i. has been found .ha. me irradi,ed po,ye.hy.ene is easrer .o admrx wrm po,ar 

20 organic and inorganic additives. 

h, mis vein, a .herttrop.as.ic powder coating sys,em based on po.yethy.ene was 
22 developed for me protecdon of indnshaa. s.ee. shuchnes and pipes. The po.yettry.ene 

22 developed. ^ npF/HDPE blend The LLDPE utilized was Sasol Polymers 

23 utilized was an irradiated LLDPE/HDrb Plena. 

24 HR 411. The HDPE utilized was Dow C7260. 

25 Specificafly, a mrxhne of LLDPE (60%) and HDPE (40%) was compounded wr«h an 

7 ilo a. a mas.erba.ch concentration of 2,% and prized, ft. pefleU w«e 

28 subsecuenfly mifled .0 a powder widr an average size of 600 microns and bagged in 25 h 

2, bags. The bagged powder was irradiated to a minimum absorbed dose of .6 k Gy using 

30 gamma radiation. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 



The irradiated LLDPE/HDPE obtained was applied ,o s,ee. using standard powder 
r , SoeeifioaUy the irradiated LLDPE/HDPE Mend was coated 
coating techniques. Specially, M „ stee , surfa ce 

simult aneous, y inside and outside the stee ptpes a ^J 

oc nf ahnut 240 °C No special pre-treatment of the steel was req 

* inherent abrasion resistance of the mocnneu 

— — t rrr— "= — - - 

protective coatings can be applied to oiner 

employing flame spraying techniques. DPE/HDPE steel pipe coatings 

Typical property values exhibited by irradiated LLDPE/HDPE PP 

made in this manner are set forth in Table 13. 

Tableli 



Property Values For Radiation JV 




19 
20 
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! 70 rorirT ^ mTNf; REMARKS 

4 this specification are incorporated by reference No admission is 

5 specially and individually indicated to be mcorporated by reference. 

6 made that any document cited herein is prior art. 

7 7.2 Spiritofthelnvention it wiU be apparent to one of ordinary 
s Although the invention has been fully described, it win pp 

8 Altnougnm , ;firations can be made without departing from the 
skill in the art that many changes and modifications can be ma 

sKin in me a invention should be determined by the 

spirit the invention. Accordingly, the scope of the invention 
languag e of the claims and any equivalents thereof as defined by law. 
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